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INTRODUCTION
Critical illness seriously deranges metabolism in children and adults 1, 2, 3 . Alterations in blood glucose homeostasis are the most common metabolic abnormalities found in critically ill children 4 and both, hyper-and hypoglycemia are associated with poor outcomes 1, 3, 4 . Hyperglycemia in critically ill patients is an adaptive response to stress related to hypovolemia, surgery, sepsis or trauma 5, 6 . The prevalence in tropical settings has been estimated between 2.9% and 10.9% 7, 8 and its presence on admission associated with mortality 1, 9, 10 . Insulin therapy is the treatment of choice, but is often unavailable in resource-constrained settings and can also cause iatrogenic hypoglycemia, potentially more harmful than sustained hyperglycemia.
On the other side of the spectrum, hypoglycemia is also a common and life-threatening complication of several diseases such as severe malaria, bacterial sepsis, severe malnutrition and neonatal illness, among others 11, 12, 13, 14, 15 . Hypoglycemia has been extensively reported to have important influence on the outcome of very ill patients, both in children and adults 1, 16, 17 . In Africa, its prevalence among pediatric admissions has been estimated to range between 1.8% and 7.3% 7, 18 . Use of toxic herbal preparations and delays in seeking medical assistance may all cause or further aggravate hypoglycemia in these settings. Severe and prolonged hypoglycemia can result in mental retardation, neurological deficits and recurrent seizures 19, 20 . Management of hypoglycemia according to WHO guidelines 11 includes the rapid administration of exogenous glucose, preferably through an intravenous access. In the developing world, hypoglycemia remains an insufficiently recognized killer of children, as it is seldom diagnosed and whenever detected, often poorly managed, mainly in relation to the lack of simple equipment or trained staff.
We analyzed data collected throughout 13 consecutive years of systematic morbidity surveillance among children admitted to a rural Mozambican hospital to determine prevalence, incidence and risk factors associated with hypoglycemia on admission and mortality in those children.
MATERIAL AND METHODS

Study site and population
The study was conducted in Manhiça, in Southern Mozambique. The Manhiça Health
Research Center (CISM) runs a Demographic Surveillance System (DSS) in the area and a morbidity surveillance system (MSS) at Manhiça District Hospital (MDH), which admits around 3000 children annually. Malaria, pneumonia, diarrhea, malnutrition and neonatal pathologies are among the main causes of admission and under-five mortality in Manhiça 21 , where HIV prevalence is among the highest in the world 22 . A detailed description of MDH, CISM and the study area can be found elsewhere 23 . CISM provides personnel as well as valuable resources and laboratory diagnosis to MDH.
Study design
We present a retrospective analysis of data collected through the Manhiça MSS from children younger than 15 years who were admitted to MDH during a 13-year long period (2001-2013).
Hospital surveillance system
A standardized admission questionnaire, which includes demographic, clinical, laboratory and outcome data, was filled-in for all hospitalized children < 15 years of age by a clinician. Upon arrival a finger prick blood sample was collected to measure packed cell volume (PCV) and blood glucose concentration, and thick and thin blood films prepared to quantify Plasmodium falciparum parasitemia. Blood cultures were systematically collected to all children under the age of 2 years, or in older children with clinical severity, as part of the routine microbiological surveillance ongoing in MDH.
HIV status information was not routinely collected. Upon discharge or death, up to four final diagnoses -based on the ICD-10 classification of diseases-were recorded on the questionnaire after review of all available results.
Laboratory methods
Glycemia was determined using Accu-Chek® (Roche Inc., Manheim, Germany) at the bedside, with blood being usually collected by fingerprick. Glycemia results were provided either in mmol/L or mg/dL units. To simplify the analysis, all mg/dL values were converted into mmol/L by multiplying them by 0.0555. PCV was measured using a microcentrifuge and a Hawksley hematocrit reader card (Hawksley & Sons Ltd, Lancing, UK). Thick and thin blood films for malaria diagnosis and blood cultures were processed as previously described 24, 25 .
Clinical definitions
All case definitions were based on admission data from the standardized questionnaires.
Children were categorized into three groups according to blood glucose levels: 1)
Hypoglycemia: blood glucose levels <3.0 mmol/L (categorized as severe if <2.5mmol/L), 2) Hyperglycemia: glycemia >11mmol/L, and 3) Normoglycemia: values between 3 and 11mmol/L.
A malaria case was defined as a child admitted with a clinical diagnosis of malaria with a P. falciparum asexual parasitemia > 0 parasites/µL. Prostration was defined as the inability to sit unsupported or breast/feed in children not yet capable of sitting. Impaired consciousness was defined as a child having a Blantyre coma score less than 5. Severe anemia was defined as a PCV < 15% on admission. Hypothermia was defined as axillary temperature <35ºC. Increased respiratory rate followed age-specific WHO definitions 11 . Respiratory distress included the presence of deep breathing or indrawing.
Nutritional status was based on weight-for-age Z scores (WAZ), calculated using the least mean square method and the WHO and CDC Growth Charts 26 . Malnutrition was defined if WAZ-score was <-1 and severe malnutrition as WAZ of <-3.
Case management
Children with hypoglycemia were managed according to Mozambican national guidelines, based on the WHO guidelines 11 , which recommend a rapid intravenous correction with 5 ml/kg of 10% glucose or dextrose solution, repeated if necessary. 10% dextrose in normal saline or Ringer´s lactate for maintenance infusion was used to prevent further episodes, and feeding encouraged as soon as possible. Facilities for intensive care are not available at MDH. All clinical assistance and treatment of admitted children is free of charge. Children requiring specialized care were transferred to Maputo Central Hospital.
Data management and statistical methods
All admission questionnaires were double entered using a program written in FoxPro version 5.0 (Microsoft Corp., Seattle, WA, USA). Statistical analyses were done with Stata 13.1 (Stata Corp., College Station, TX, USA).
Minimum community-based incidence rates (MCBIRs) for hypoglycemia were calculated referring cases to population denominators establishing time at risk (child years at risk (CYAR)) inferred from the DSS. Children did not contribute to the numerator or denominator for a period of 28 days after each episode of hypoglycemia or when they were outside the study area. The analysis of MCBIRs only takes into account children with a permanent identification number issued by the demography department allowing the linkage of their demographic data with the morbidity surveillance.
Children not living within the study area were excluded for incidence calculations.
Negative binomial regression models with random effects using Likelihood Ratio Test were used to assess differences in incidence rates between calendar years or age groups.
Case fatality rates (CFRs) were calculated for different glycemia levels as the number of patients who died with a specific glycemia level divided by the total number of patients with known outcome admitted in the study period. These CFRs represent in-hospital mortality and do not include patients absconding or being transferred.
Qualitative variables were compared using a χ² test or Fisher´s exact test. Means of normally distributed variables were compared using the Student´s test or ANOVA.
Multivariate logistic regression was used to investigate 1) Adjusted associations for potential risk factors for hypoglycemia on admission; 2) Adjusted associations for potential risk factors for hypoglycemia-related deaths. In the second analysis, given that the dependent variable was the final outcome (dead/alive), only children with a known outcome were included in the analysis (those absconding or being transferred were excluded). P-values from analyses performed in large samples may be confounded because of their dependence on sample size and may reach the significance level even when the association is negligible. Thus, significant associations will be interpreted in accordance with the effect size (OR) and classified as small (< 2), medium (2-3) or large (> 3) 27 .
Ethics
This study retrospectively assessed data collected in the context of routine clinical practice. The morbidity surveillance in place at MDH has been approved by the Mozambican Ethics Committee. The analytical plan of this specific analysis was assessed and approved by Manhiça's Internal Scientific committee. 
RESULTS
During
Prevalence of dysglycemia
On admission 1478/45,573 (3.2%) children had hypoglycemia, 2/3 of these episodes (972; 2.1%) being severe. Hyperglycemia was detected in 770/45,573 (1.7%) patients.
By age group, hypoglycemia prevalence was the highest among newborns (8.8%), but present in all ages. Hyperglycemia was low and present in all age groups ( Figure 2 ).
Clinical presentation and case fatality rate of children with hypoglycemia admitted to the hospital Table 1 compares some key characteristics in children with hypoglycemia and normoglycemia. A significantly higher proportion of the patients with hypoglycemia were newborns, but median age was not significantly different between the two glycemia groups. Children with hypoglycemia were significantly more prone to refer feeding difficulties, have hypothermia or neurological impairment than their normoglycemic peers. They were also significantly more malnourished, with lower mean weight and WAZ scores, more frequently severely anemic or bacteremic.
Vomiting and diarrhea were not associated with having more hypoglycemia on admission. The odds of dying in the hospital was higher among hypoglycemic children (OR 7.11, 95%CI 6.11-8.27; associated CFR 19.3% vs. 3.3%, p<0.001). Figure 3 summarizes CFRs by categorized glycemia. CFRs increased with decreasing glycemia, peaking at 33.3% in patients with values <1mmol/L. Importantly, CFRs also rose significantly for patients with hyperglycemia (associated CFR of 12.1%, p<0.001 when compared to CFR of normoglycemia).
The multivariate analysis showed nine risk factors independently associated with the presence of hypoglycemia on admission ( Table 2) . History of seizures, unconsciousness, refusing to feed, malnutrition, edema, jaundice, prostration, P.
falciparum infection and having a positive blood culture were all associated with hypoglycemia, while a history of cough was protective against it. All identified factors showed small effect size (OR <2 for all risk factors and OR > 0.5 for history of cough), except unconsciousness, whose effect size was medium: OR = 2.13, 95% CI (1.66,
2.72).
Risk factors for death in children admitted with hypoglycemia
Two hundred and forty-five children died out of the 1267 children with hypoglycemia on admission and outcome results, yielding an overall CFR of 19.3%. Independent risk factors for death in children admitted with hypoglycemia included anorexia and malnutrition with a small effect size (OR < 2), prostration and edema with medium effect size (OR 2-3), and unconsciousness, oral candidiasis positive blood culture and respiratory distress with large effect size (OR > 3) (Table 3 ).
Minimum community-based incidence rates
Overall MCBIR throughout the study period was 1.57 episodes/1000 CYAR. MCBIR trends for hypoglycemia in all pediatric age groups during the thirteen-year long study period are shown in figure 4 . MCBIR peaked at 3.73/1000 CYAR in 2001 (first year of the study) and significantly decreased subsequently, reaching the nadir in 2013 (0.50/1000 CYAR; p<0.001). MCBIR were significantly higher for newborns (9.47 episodes/1000 CYAR), than for any other age group (table 4, p<0.001).
DISCUSSION
The morbidity surveillance system ongoing at MDH, in rural Mozambique, has allowed us to retrospectively review the prevalence of hypoglycemia in nearly 50,000 pediatric admissions, spanning across a 13-year long period. This is perhaps the largest series examined in the developing world for the occurrence of this common (3.2% of children in this series) albeit insufficiently highlighted life-threatening complication. A study performed in an urban referral center in Mozambique two decades ago 28 showed a higher prevalence (7.1%), similarly to studies conducted in a rural Kenyan hospital 7 mmol/L when compared to those with higher levels.
15.9% of all hypoglycemia episodes affected newborns, and 8.8% of all admitted newborns had hypoglycemia, highlighting the importance of hypoglycemia in this age group. However, hypoglycemia also commonly affected -and killed-children of all ages, which justifies universal screening for hypoglycemia among all admitted children in the developing world.
Most studies describing the incidence of hypoglycemia and associated outcomes are based on the determination of glycemia at a fixed point, usually admission. Our results are also limited by this lack of follow-up. We probably missed children who were normoglycemic on admission, but developed hypoglycemia subsequently. So we may be underestimating the incidence of hypoglycemia and the OR of death associated with hypoglycemia occurring during hospitalization. Similarly, we were unable to determine how many recurrent hypoglycemia episodes occurred in our series. Fasting is a recognized risk factor causing hypoglycemia in children 35 . During fasting, plasma glucose levels are maintained within narrow limits by a delicate balance between endogenous glucose production deriving from glycogenolysis and gluconeogenesis 36 . Studies performed in children with malaria have demonstrated a relationship between fasting, hypoglycemia, severity of disease and mortality 7, 37 .
Conditions that decrease consciousness may also result in a prolonged fasting state, explaining the strong association found between consciousness level and the risk of hypoglycemia. However, as hypoglycemia per se is a cause of decreased consciousness, interpreting the direction of the association is not straightforward. Hypoglycemia should, however, always be investigated in the presence of a child unable to feed or unconscious.
The association between malnutrition and hypoglycemia has also been firmly established in the past 11, 13, 38 . In malnourished patients glucose homeostasis 38 can be compromised in several ways, including a lack of exogenous nutritional intake, decreased absorption of disaccharides because of intestinal villous atrophy, increased oxidative stress, or glucose uptake compromised by intestinal bacteria. In our series, 62% of all hypoglycemic children showed were malnourished, with 19.4% being severely malnourished. Kenyan 7 and Tanzanian 12 studies had already shown a strong association between severe malnutrition (WAZ <-3) and hypoglycemia, but not with WAZ <-1.
The association of hypoglycemia with bacterial sepsis 14, 18, 25, 26, 42 or malaria 7, 14, 26 is also well documented. Our series also support these associations, as risk of hypoglycemia was increased by 68% among bacteremic patients, and by 30% in malaria-infected patients. In bacterial disease, hypoglycemia has been attributed to a series of factors, including high circulating levels of cytokines such as tumor necrosis factor and interleukin-6, both powerful stimulators of insulin secretion, which can then cause among other things inhibition of the gluconeogenic pathways 39, 40 . Decreased levels of glycemia secondary to the consumption of glucose by the Plasmodium parasite, hyperinsulinism caused by quinine, impaired gluconeogenesis and lack of adequate supplementation/oral intake are possible explanations in malaria 37, 41, 42, 43 .
Independent risk factors associated with hypoglycemia mortality are similar to those found associated with the risk of hypoglycemia. Again, factors related to feeding difficulties, or the presence of a clinical condition hindering feeding (unconsciousness, prostration, respiratory distress), malnutrition and concomitant severe infections (in this case only bacteremia) were all significantly and independently associated with a higher odds of dying among patients with hypoglycemia. In these patients, the multivariate analysis also identified edema and oral candidiasis as important prognostic factors. The association between mortality and these factors has not been properly described in the literature, but it is likely that edema is associated with kwashiorkor (protein deficient malnutrition) and oral candidiasis is a proxy of HIV co-infection, highly endemic in the Manhiça area 22 and highly prevalent among malnourished patients 13 .
Regarding hyperglycemia, we found a prevalence of 1.7%, and a significantly higher associated CFR (12.1%, p<0.001) when compared to normoglycemia. Other studies in similar settings have shown similar 7 or higher 8, 44 prevalence rates. Hyperglycemia is an insufficiently well-known risk factor for death 10 in the developing world, and efforts for its early detection and correction should parallel those devoted to hypoglycemia.
Glucose variability (GV) has recently emerged as a new concept and is considered to have important influence on the outcome of critically ill patients 45, 46 and possibly cause more harm than sustained hyperglycemia. More studies are required, possibly using CGM, to specifically address this issue.
We report for the first time minimum-community based incidence rates for hypoglycemia in Sub-Saharan Africa. Overall MCBIR throughout the study period were 1.57 episodes/1000 CYAR, peaking at 3.73 episodes/1000 CYAR in 2001, underscoring the high burden of this particularly dangerous complication. Reasons for the decreasing trends observed throughout the study period still need to be clarified, although we could hypothesize a better and earlier access to medical care or lower incidence of malaria and/or malnutrition in the last years in the study area. Newborns showed the highest incidence rates of hypoglycemia, underscoring the need to carefully follow this complication in this particularly vulnerable age group.
Hypoglycemia is a silent and under-recognized killer of African children, and needs to be properly exposed, because the correction of hypoglycemia is simple and has rapid effects on the health of the child. However, in resource-constrained settings where dextrose infusion is not readily available or is operationally challenging, other alternatives to intravenous administration should be investigated and promoted in order to correct hypoglycemia in children unable to feed. In this respect, sublingual sugar or pre-prepared dextrose gel appear as promising treatments for the prevention and correction of hypoglycemia in children with hypoglycaemia 30 .
Our study had several limitations. There are concerns with the accuracy of commercial finger-prick blood glucose assays. Advances in glucose meter technology have resulted in significant improvement of accuracy and precision of meters. However, those meters are not available in developing countries due to the higher cost. Other limitation is the use of the glucose meters instead of a formal laboratory serum or plasma glucose concentration to measure glycemia, since there are physical differences between the glucose concentration in compared to capillary blood, but this technology was not available to verify the diagnosis of hypoglycemia in our setting. Unfortunately, study subject only had one determination of glycemia measured on admission, and we were unable to know if any recurrent hypoglycemia episodes occurred in our study. Due to there is no universally applicable definition of hypoglycaemia, we used the threshold established by national guidelines. Different glycemia cut-off levels could modify the results.
CONCLUSION
Hypoglycemia is a common complication of many conditions causing hospitalization in
Mozambican children, and is associated with unacceptable adverse outcomes. In settings similar to Manhiça, all admitted children should be screened for hypoglycemia, and aggressively managed when found to be hypoglycemic. A single determination on admission is not enough, and glycemia should be recurrently screened during hospitalization. Better, cheaper and more innovative diagnostic and therapeutic alternatives need to be urgently investigated to better address the consequences of hypoglycemia in developing countries.
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